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Abstract
The STAR experiment at the Relativistic Heavy Ion Collider (RHIC) studies properties and phase transitions of nuclear
matter in various nucleus-nucleus collisions at center-of-mass energies per nucleon collision
√
sNN = 7.7-200 GeV.
With a ﬁxed target made of gold foils installed inside the beam pipe, STAR also starts to explore high baryon density
regime (μB ≈ 420-720 MeV) at √sNN = 3.0-7.7 GeV. A few selected results reported by the STAR collaboration at the
Quark Matter 2018 (QM2018) conference are described in these proceedings.
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1. Introduction
The STAR experiment at RHIC is equipped with a Time Projection Chamber (TPC), a Time of Flight
(TOF) detector, and a Barrel ElectroMagentic Calorimeter (BEMC) for particle detection and identiﬁcation
with full azimuthal coverage at mid-rapidity (|η| < 1). At forward and backward rapidities, Beam-Beam
Counters (BBC), Vertex Position Detectors (VPD) and Zero-Degree Calorimeters (ZDC) are used to trigger
on minimum-bias collisions and for event plane reconstruction. A silicon vertex detector, the Heavy Flavor
Tracker (HFT), was installed in STAR and took data in 2014-2016. It provided excellent vertex position
and track pointing resolutions, allowing a detailed study of open heavy ﬂavor hadron production at RHIC.
Another detector made of Multi-gap Resistive Plate Chambers, the Muon Telescope Detector (MTD), has
been fully installed into STAR since 2014, covering about 45% of azimuth in the pseudo-rapidity range of
|η| < 0.6. It enables triggering and identiﬁcation for muons with pT > 1 GeV/c, and thus opens the door
to quarkonium measurements in the di-muon channel. In 2016, an electromagnetic calorimeter placed at
2.5 < η < 4, the Forward Meson Spectrometer (FMS), participated in data taking in Au+Au collisions,
allowing longitudinal ﬂow decorrelation measurements at RHIC. These detectors with large acceptance and
excellent performance, combined with the versatility of RHIC to collide diﬀerent nuclei at a wide range
of energies, put STAR in a unique position to study the properties of the Quark-Gluon Plasma (QGP) and
phase transitions of nuclear matter. STAR contributed 18 oral presentations in parallel sessions and about 30
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posters at the QM2018 conference. Some of these results are described below. Results not discussed here
due to space limitation include jet-medium interaction [6], event-plane dependence of di-hadron correlations
with event-shape engineering [7], φ and K∗ spin alignment [1], cumulants of net-charge and net-particle
distributions [2], ﬂow and ﬂow ﬂuctuations in diﬀerent collisions systems [3], collectivity in small systems
[4], femtoscopy [5], and ﬁxed-target program [8].
2. Heavy Flavor Measurements
It has been suggested that the magnitude of the rapidity-odd directed ﬂow v1 for open charm hadrons is
sensitive to the tilted shape of the initial source and to the charm quark drag coeﬃcient in the QGP, while the
diﬀerence in v1 between charm and anti-charm hadrons is sensitive to the electromagnetic ﬁeld in heavy-ion
collisions [9]. Thanks to the HFT, STAR has found the ﬁrst evidence of a non-zero v1 for open charm hadrons
in heavy-ion collisions. The results are for Au+Au collisions at
√
sNN = 200 GeV, shown in Fig. 1 [10]. The
slope of v1 with respect to y, averaged for the D0 and D¯0 mesons, dv1/dy = −0.081±0.021(stat)±0.017(syst),
is signiﬁcantly larger than that of charged kaons. The dv1/dy values for the D0 and D¯0 mesons are consistent
with each other within uncertainties.
The Λc is the lightest baryon containing a charm quark. The Λc yield at intermediate transverse mo-
mentum (pT ) is expected to be enhanced in heavy-ion collisions with respect to p+p collisions if charm
quarks also hadronize via coalescence similarly to light ﬂavor quarks. STAR presented the ﬁrst result on
the Λc production in heavy-ion collisions at the QM2017 conference, obtained from the 2014 data with the
Rapidity (y)
0.5− 0 0.5
) 1
D
ire
ct
ed
 fl
ow
 (v
0.1−
0
0.1
c)u (0D
)c (u0D
s)u + s (u- + K+K
=200 GeV, 10-80%NNsAu+Au
 > 1.5 GeV/c
T
p
STAR Preliminary
 points shifted along x-axis by 0.040D
-slope from linear fit1v
 0.021(syst.)± 0.030 (stat.) ±/dy = -0.102 1 dv
0D
 0.023 (syst.)± 0.030 (stat.) ±/dy = -0.061 1 dv
0D
 0.0002(syst.)± 0.0001(stat.) ±/dy = -0.0030 1Kaons dv
Fig. 1. Directed ﬂow v1 for D0 (circles), D¯0 (stars) and K± (boxes) as a function of rapidity y in 10-80% Au+Au collisions at√
sNN = 200 GeV. Vertical bars (brackets) represent statistical (systematic) uncertainties. Also shown are linear ﬁt results to these data.
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Fig. 2. The Λc/D0 ratio in Au+Au collisions at
√
sNN = 200 GeV as a function of centrality (left) and pT (right). Vertical bars (shaded
areas) represent statistical (systematic) uncertainties. Also shown are the ratio in p+p collisions at
√
s = 7 TeV measured by ALICE
(black box), PYTHIA prediction (solid curve), and theoretical model calculations including charm quark coalescence (other curves).
Z. Ye / Nuclear Physics A 982 (2019) 29–3530
HFT in Au+Au collisions at
√
sNN = 200 GeV. By adding the 2016 Au+Au data, and using a supervised
machine-learning method based on boosted decision trees, the Λc signal signiﬁcance is increased by a factor
of two as compared to the previous study. The Λc/D0 yield ratio is determined as a function of centrality
and pT and shown in Fig. 2 [11]. It is found that the Λc/D0 ratio increases towards more central Au+Au
collisions, and the ratio in peripheral Au+Au collisions is compatible with that in p+p collisions at
√
s = 7
TeV measured by ALICE [12]. The ratio, when plotted as a function of pT and integrated over the 10-80%
centrality interval, is much closer to theoretical calculations considering charm quark coalescence [13] than
the PYTHIA prediction in p+p collisions [14].
Charm quark interactions with the QGP can also be studied through nuclear modiﬁcation factors. The
RAA and RCP for the D0 meson are determined from the 2014 HFT data as a function of pT in diﬀerent
centrality intervals, as shown in Fig. 3 [11]. A signiﬁcant suppression of the D0 yield at low pT , which
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Fig. 3. The D0 nuclear modiﬁcation factors RAA (left) and RCP (right) as a function of pT in diﬀerent centrality intervals in Au+Au
collisions at
√
sNN = 200 GeV. Vertical bars (brackets) represent statistical (systematic) uncertainties. The green boxes around unity at
the right hand side of the panels are the Glauber model calculation uncertainties for 〈Ncoll〉, while the grey shaded areas around unity in
the right ﬁgure are the uncertainties associated with vertex resolution correction. Also shown in the right panel are RCP for light ﬂavor
hadrons (open points) and theoretical model calculations for D0 (dotted curves).
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Fig. 4. The Υ nuclear modiﬁcation factor RAA for the ground (left) and excited (right) states integrated over pT as a function of the
number of participating nucleons Npart . Vertical bars (open boxes) represent statistical (systematic) uncertainties, while the shaded
gray area the Glauber model calculation uncertainty for the average number of binary nucleon-nucleon collisions 〈Ncoll〉. Filled boxes
around unity are the global uncertainties dominated by that from the p+ p reference. Also shown are the results in Pb+Pb collisions at√
sNN = 2.76 TeV from the CMS experiment [17].
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might come from cold nuclear matter eﬀects and radial ﬂow, is observed with little centrality dependence.
A suppression is also observed at high pT in the most central collisions, which can be explained by energy
loss of charm quarks when traversing the QGP. Such a suppression gets weaker towards more peripheral
collisions. The RCP for the D0 meson can be described by theoretical model calculations [15]. Also reported
at the conference were the results of D±, D∗± and Ds in Au+Au collisions at
√
sNN = 200 GeV. A conclu-
sion from these studies is that the total charm quark production cross-section per binary nucleon-nucleon
collision is consistent between Au+Au and p+p collisions, but the relative abundances of diﬀerent charm
hadrons are diﬀerent [11].
Quarkonium production may be suppressed in heavy-ion collisions by the color-screening eﬀect of the
heavy quark-antiquark potential from unconﬁned quarks and gluons of the QGP. In particular, the Υmesons,
which are less aﬀected by the recombination eﬀect than J/ψ, are suggested as a good probe to study the
thermodynamic properties of the QGP. STAR has updated the results on the RAA for the Υmesons in Au+Au
collisions at
√
sNN = 200 GeV, as shown in Fig. 4 [16]. These results are obtained by combining the di-
electron measurement from 2011 data and the di-muon measurement from 2014 and 2016 data. The results
indicate that both the Υ ground and excited states are suppressed in central Au+Au collisions, and that the
suppression for the excited states is stronger than that of the ground state. The latter is consistent with a
naive expectation based on sequential melting of Υ states due to their diﬀerent binding energies.
3. Chirality, Vorticity and Polarization Eﬀects
STAR reported the ﬁrst observation of aΛ global polarization with respect to the reaction plane in heavy-
ion collisions, suggesting a strong vortical ﬁeld in the QGP. This observation was made in Au+Au collisions
at
√
sNN = 7.7-39 GeV, while the results at the RHIC top energies (
√
sNN = 62 and 200 GeV) were still
limited by statistical uncertainty [18]. From a much larger data sample than that in the previous study, the
Λ global polarization has also been observed at
√
sNN = 200 GeV, as shown in the left panel of Fig. 5 [19].
The measured polarization value follows the trend suggested by lower energy results and is consistent with
theoretical model calculations. At the QM2018 conference, STAR also reported the ﬁrst observation of a Λ
local polarization along the beam direction with a quadrupole structure, as can be seen in the right panel of
Fig. 5 [20]. Such a structure could be generated by the presence of elliptic ﬂow [21].
Local parity-odd domains are theorized to form inside the QGP and manifest themselves as charge
separation along the magnetic ﬁeld axis via the Chiral Magnetic Eﬀect (CME). A widely used observable to
study the CME is Δγ, deﬁned as the diﬀerence in the three-point correlation between unlike-sign and like-
sign charged particle pairs. It is essential to know how much backgrounds contribute to the measured Δγ
value. Diﬀerent methods have been used to separate the possible CME signal and background contributions
in Δγ at STAR. These methods consistently point to a large background contribution to Δγ as can been seen
in the left panel of Fig. 6 [22]. A new observable, ΔS [23], has also been used to study the CME [24]. As
can be seen in the right panel of Fig. 6, the shape of the ΔS distributions is diﬀerent between small collision
systems (p+Au, d+Au) and peripheral Au+Au collisions with similar number of charged particles. It is still
under discussion how to interpret this result in terms of the CME. STAR took data in isobar (Ru+Ru and
Zr+Zr) collisions in 2018 and is carrying blind analyses of these data for the CME study.
The CME, if present, can intertwine with the Chiral Separation Eﬀect (CSE) to generate a ﬁnite electric
quadrupole moment of the collision system, the so-called Chiral Magnetic Wave (CMW). STAR has carried
a new study for the CMW, in which the diﬀerence in the elliptic ﬂow between π+ and π− (Δv2 = vπ
−
2 − vπ
+
2 )
is measured as a function of the diﬀerence between the number of π+ and π− (Ach =
Nπ+−Nπ−
Nπ++Nπ−
). It is found
that the slope parameter r, obtained from ﬁtting Δv2 versus Ach to a linear function, is consistent with
zero within uncertainty in small collision systems, and that r is positive and larger in semi-central U+U
collisions than that in semi-central Au+Au collisions [25]. These observations resemble the expectation
from the CMW. Another measurement involves the self-normalized diﬀerence in vn between positively and
negatively charged particles, i.e., 2(v
−
n−v+n )
v−n+v+n
. As can be seen in Fig. 7, such a diﬀerence is not the same between
v2 and v3 in central and peripheral Au+Au collisions. This can not be explained by local charge conservation
alone and the CMW remains as a viable interpretation of RHIC data.
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4. Collectivity
Longitudinal decorrelations of ﬂow harmonics are sensitive to event-by-event ﬂuctuations of the initial-
collision geometry and ﬁnal-state collective dynamics. Using the FMS as the reference detector, STAR has
measured longitudinal decorrelations from 2016 data in Au+Au collisions at
√
sNN = 200 GeV [26]. The
factorization ratios r2 and r3 [27] are used to measure the decorrelation of v2 and v3, respectively, between
η and −η in the pseudo-rapidity range |η| < 1, with respect to a common reference 2.5 < ηre f < 4. They
are found to exhibit a stronger decrease with the normalized rapidity (η/ybeam) than those at the LHC [28],
as can be seen in Fig. 8. This is qualitatively consistent with (3+1)D hydrodynamic calculations [29].
However, these calculations can not simultaneously describe both the RHIC and LHC data. Analyses of
data in Au+Au collisions at lower energies are underway to provide more insight into the decorrelations.
The slope of the rapidity-odd v1 at mid-rapidity (dv1/dy|y=0) is sensitive to the equation of state of the
system. STAR has measured the v1 slopes for 10 particle species (π±, p, p¯,Λ, Λ¯, K± and KS ) at
√
sNN = 7.7-
200 GeV [30]. The results are used to test the coalescence sum rule, and it is found that the sum rule holds
for produced quarks at
√
sNN ≥ 11.5 GeV, as can be seen in the left panel of Fig. 9. Furthermore, the
transported u (and d) quark v1 slope has also been estimated from these data by assuming constituent quark
coalescence. As can be seen in the right panel of Fig. 9 [31], the transported quark v1 exhibits a minimum
around
√
sNN = 14.5 GeV, which could be related to softening of the equation of state of the system.
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5. Hypertriton Binding Energy and Particle-Antiparticle Mass Diﬀerence
STAR has recently published a paper on the hypertriton (3
Λ
H) lifetime [32]. Using the 2014 and 2016
data with the HFT, the hypertriton signal-to-background ratio is signiﬁcantly improved, allowing precise
determination of the hypertriton binding energy and mass diﬀerence between the hypertriton (3
Λ
H) and anti-
hypertriton (3
Λ¯
H¯) [33]. These results could have a large impact on understanding the hyperon-nucleon (Y-N)
interaction and the CPT symmetry in the hypernucleus sector.
6. Summary and Outlook
Many new results from the RHIC top energies, beam energy scan and ﬁxed-target data taken before 2017
were reported by STAR at the QM2018 conference. In 2018 STAR took data in Ru+Ru and Zr+Zr collisions
to study the CME, and Au+Au collisions at
√
sNN = 27 GeV to look for diﬀerence in the global polarization
between Λ and Λ¯ due to the initial magnetic ﬁeld. In 2019-2021, STAR will take data in both collider and
ﬁxed-target modes at
√
sNN = 3.0-19.6 GeV to look for signatures of the critical point and phase transition
of the QCD phase diagram, with new detectors including inner TPC, endcap TOF, and event plane detector
for improved acceptance, particle identiﬁcation and event plane reconstruction [34]. STAR is also working
on R&D for new forward calorimeter and tracking systems (2.5 < η < 4) for detailed studies of the initial
conditions, longitudinal decorrelation and rapidity dependence of Λ global polarization in A+A collisions,
and the partonic and spin structure of the nucleon and nuclei in p+p and p+A collisions in 2021+.
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